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Background— In randomized controlled trials (RCTs) of subjects with type 2 diabetes mellitus, mortality rates vary substantially. 
We sought to examine the inclusion and exclusion criteria of these RCTs to explore relationships with mortality. 

Methods and Results— MEDLINE database was searched from August 1980 through March 201 1. Selection criterion included 
published RCTs of adults with type 2 diabetes mellitus of at least 1000 patients, reporting all-cause mortality and having follow-up 
duration of at least 1 year. Twenty-two trials were eligible. Annualized mortality rates were derived. Inclusion and exclusion criteria 
were tabulated for each trial. Trials were categorized in 4 groups according to annual mortality rates: <1, >1 to <2, >2 to <4, 
and >4 per 100 patient-years. The analysis cohort included 91 842 patients and 6837 deaths. Mortality rates ranged from 0.28 to 
8.24 per 1 00 patient-years. Patients enrolled in the highest mortality category were more likely to be older and had longer diabetes 
duration and higher blood pressure. The selection for hypertension was common in the low- as well as high-mortality trials. Although 
the mortality rates were higher in RCTs with prior cardiovascular morbidity, the selection for chronic kidney disease— defined by 
either higher serum creatinine or lower estimated glomerular filtration rate and/or the presence of proteinuria— was associated 
with the highest mortality rates. 

Conclusions— In this analysis of RCTs of type 2 diabetes mellitus, a 29-fold difference in annualized mortality was observed. In 
these RCTs, selection for renal disease, defined by either decline in renal function or presence of proteinuria, portends important 
mortality risk. (J Am Heart Assoc 2012;1:8-15.) 

Clinical Trial Registration-URL: http://www.ClinicalTrials.gov. Unique identifier: NCT00303979. 
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Type 2 diabetes mellitus (T2DM) increases the risk of pre- 
mature morbidity and mortality in the community and 
cardiovascular disease (CVD) is the leading cause of death 
in individuals with diabetes. 1 - 2 The burden of diabetes-related 
CVD is likely to continue to expand with the increasing inci- 
dence of diabetes in the population. 3 

It is clear from epidemiologic studies that concomitant di- 
abetes augments the hazard associated with other risk fac- 
tors for developing CVD, including hypertension, hyperlipi- 
demia, and renal impairment. 4 - 5 Similarly, in patients with 
established CVD, diabetes portends a greater risk of worse 
outcomes especially when associated complications such 
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as nephropathy, retinopathy, and, possibly, neuropathy are 
present. Conversely, in patients whose only risk factor is dia- 
betes, the population attributable risk of death may not be very 
high. 6 

In contrast to epidemiologic studies, which provide the most 
accurate assessment of disease burden in population, random- 
ized controlled trials (RCTs) use inclusion and exclusion crite- 
ria to target a specific subpopulation and provide an insight 
to contributions of comorbidities on mortality in a selected 
population. Although the specific selection criteria distort the 
disease proportion in the population, including patients who 
fulfill specific selection criteria can augment the overall morbid- 
ity and mortality risk. Across trials, the selection or exclusion 
of a specific risk profile offers a diverse sample that extends 
from low mortality to those with the extreme hazard. 

In RCTs of T2DM patients, while any cardiovascular or 
renal diseases increase mortality in diabetes, patients with- 
out evidence of such would be expected to experience fewer 
complications. 7 Furthermore, annualized death rates can char- 
acterize the risk in diabetes populations across trials. We used 
data from recent RCTs in T2DM to further examine the rela- 
tionship between cardiovascular risk factors and renal disease 
and its complications and how this interplay augments the risk 
of death. 
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Methods 

Study Selection and Search Strategy 

The selection criteria included RCTs of adults with T2DM of 
at least 1000 patients, reporting all-cause mortality results, 
and with a minimum follow-up duration of 1 year. We excluded 
trials that selected patients with acute coronary syndrome or 
end-stage renal disease. 

The search included the following terms: MeSH major topic: 
diabetes mellitus type 2 treatment; Limits: Humans, RCT, 
English, and 19+ years adult. The MEDLINE database was 
searched for studies using these eligibility criteria between 
August 1980 and March 201 1. All references were examined 
to attempt identify additional trials. The initial search gener- 
ated 4191 publications. After reviewing titles and abstracts 
(Figure 1), and applying prespecified criteria, 22 studies 8 " 29 
were eligible (Table 1). 

Data Extraction, Synthesis, and Analysis 

In RCTs that met our criteria, we calculated the all-cause mor- 
tality rate for the overall population, regardless of treatment 
allocation. Patient-years were estimated in each trial by multi- 
plying the sample size by the average follow-up time (median 
was used when mean was not reported). Annualized mortality 
incidence rates were derived accordingly by dividing the total 
number of deaths by total patient-years, from all treatment 
arms, and expressed per 100 patient-years. Because most of 
these trials were not designed or powered to study the ef- 
fect on all-cause mortality, we used the overall mortality rate 
regardless from intervention allocation. 

Inclusion and exclusion criteria were obtained for each trial. 
When available, the selection— or exclusion— for hypertension, 
CVD, elevated serum creatinine or estimated glomerular filtra- 
tion rate<60 mL/min/ 1 .73 m 2 , or the presence of proteinuria 
were tabulated. When a specific inclusion/exclusion criterion 
was not specified, we considered it a permitted condition. RCTs 
were sorted by ascending mortality rates and then categorized 
in 4 groups: <1, > 1 to <2, >2 to <4, and >4 deaths per 100 
patient-years. Within each mortality group, annualized mortal- 
ity rates were derived by dividing the sum of deaths by total 
patient-years of group's trials and express the product by 1 00 
patient-years. 

Within each category, every trial was attributed a weight 
according to its sample size. Weighted values (ie, weighted 
means and corresponding 95% confidence intervals) for base- 
line characteristics were calculated accordingly. 30 When avail- 
able, we obtained the mean or median of the descrip- 
tive characteristics of the population: age, sex, body mass 
index, duration of diabetes, total cholesterol, low-density 
lipoprotein cholesterol, systolic blood pressure, serum cre- 
atinine, smoking status along with the rates of retinopa- 



MEDLINE search and cross references 
4191 articles were identified 



Studies were excluded after 
reviewing title (n=373S) 



453 publications 



Articles excluded based on review 
of abstract: 

Subgroups analvsis (n=193) 

Not RCTs (n=133) 

Duplicated publications (n=lS) 



109 publications 



Less than lyear duration (n=27) 
Less than 1000 subjects (n=44) 
Contained Type I or IGT (n=13) 
MI and ESRD trials were excluded 
(n=3) 

V J 



11 Trials were found eligible 
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Figure 1. Literature flow. 



thy, hypertension, history of CVD, and the presence of pro- 
teinuria defined by any abnormal excretion of albumin or 
protein. 

Results 

Our analysis included 9 1 742 patients and 6837 deaths (7.5%). 
The overall mortality rate in the entire population was 1.83 
deaths per 100 patient-years and varied widely from 0.28 to 
8.24 deaths per 100 patient-years across the selected trials 
(Figure 2 and Table 2). 

All RCTs included additional risk factors other than dia- 
betes in their inclusion criteria. Hypertension was a common 
inclusion criterion for low- and high-mortality trials. Mortality 
rates were the lowest in primary prevention trials and those 
for which hypertension was the only additional inclusion cri- 
terion (BENIDICT, DIRECT, JPAD, and ROADMAP). These trials, 
excluding JPAD, shared an exclusion criterion of proteinuria at 
baseline. Studies selecting for the presence of CVD other than 
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Table 1. Eligible Studies Sorted by Publication Date 



Acronyms 


Trial 


Publication 


UKPDS33 


UK Prospective Diabetes Study 8 


Lancet. 1998;352:837-853. 


IDNT 


Irbesartan in Patients with Nephropathy due to Type 2 Diabetes 9 


N Engl J Med. 2001;345:851-860. 


RENAAL 


Reduction of Endpoints in NIDDM with the Angiotensin II Antagonist Losartan 10 


N Engl J Med. 2001 ;345:861 -869. 


DIABHYCAR 


Non-insulin-dependent DIABetes, Hypertension, microalbuminuria or proteinuria, CARdiovascular 
events, and Ramipril 11 


BMJ. 2004;328:495-500. 


DAVID 


Atherosclerotic Vascular Disease in Diabetics 12 


Eur Heart J. 2004; 25:1845-1852. 


CARDS 


Collaborative Atorvastatin Diabetes Study 13 


Lancet. 2004;364:685-696. 


BENEDICT 


Bergamo Nephrologic Diabetes Complications Trial 14 


N Engl J Med. 2004;351 :1 941 -1 951 . 


COSMIC 


Comparative Outcomes Study of Metformin Intervention versus Conventional 15 


Diabetes Care. 2005;28:539-543. 


PROactive 


PROspective pioglitAzone Clinical Trial In macroVascular Events 16 


Lancet. 2005;366:1279-1289. 


FIELD 


Fenofibrate Intervention and Event Lowering in Diabetes 17 


Lancet 2005;366:1849-1861. 


ASPEN 


The Atorvastatin Study for Prevention of Coronary Heart Disease Endpoints in 
Non-lnsulin-Dependent Diabetes Mellitus 18 


Diabetes Care. 2006;29:1478-1485. 


ADOPT 


A Diabetes Outcome Progression Trial 19 


N Engl J Med. 2006;355:2427-2443. 


ACCORD 


Action to Control Cardiovascular Risk in Diabetes 20 


N Engl J Med. 2008;358:2545-2559. 


ADVANCE 


Action in Diabetes and Vascular Disease 21 


N Engl J Med. 2008;358:2560-2572. 


DIRECT-2 


Diabetic REtinopathy Candesartan Trial 22 


Lancet. 2008;372:1385-1393. 


JPAD 


Japanese Primary Prevention of Atherosclerosis With Aspirin for Diabetes 23 


JAMA. 2008;300:21 34-21 41 . 


VADT 


Veterans Affairs Diabetes Trial 24 


N Engl J Med. 2009;360:1 29-1 39. 


DIAD 


Detection of Ischemia in Asymptomatic Diabetics 25 


JAMA. 2009;301 :1 547-1 555. 


RECORD 


Rosiglitazone Evaluated for Cardiac Outcomes and Regulation of Glycemia in Diabetes 26 


Lancet. 2009;373:2125-2135. 


BARI2D 


Bypass Angioplasty Revascularization Investigation 2 Diabetes 27 


N Engl J Med. 2009;360:2503-251 5. 


TREAT 


Trial to Reduce Cardiovascular Events With Aranesp Therapy 28 


N Engl J Med. 2009;361 :201 9-2032. 


ROAD MAP 


The Randomized Olmesartan and Diabetes Microalbuminuria Prevention 29 


N Engl J Med. 201 1 ;364:907-91 7. 



hypertension (DAVID, PROACTIVE, and BARI2D) had higher 
mortality than those permitting CVD in their inclusion crite- 
ria (RECORD, ACCORD, FIELD, UKPDS, ADVANCE, and VADT). 
Moreover, trials in which inclusion required elevated serum 
creatinine values (mostly > 1 .5 mg/dL) or estimated glomeru- 
lar filtration rate<60, or/and evident proteinuria (DIABHYCAR, 
IDNT, RENAAL, and TREAT) showed the highest mortality rates. 

Mortality, across trials, was associated with certain char- 
acteristics: serum creatinine, proteinuria prevalence, age, 
diabetes duration, and systolic blood pressure averages 
(Table 3). Furthermore, subjects in the lower mortality cat- 
egory were younger (59 years), had lower serum creatinine 
averages (0.9 mg/dL), and proteinuria prevalence (9%). Con- 
versely, subjects enrolled in the highest mortality trials were 
more likely to be older (64.2 years); have longer diabetes dura- 
tion (1 5.2 years); and have higher systolic blood pressure (145 
mmHg), serum creatinine averages (1.8 mg/dL), and protein- 
uria prevalence (100%). 

Lower low-density lipoprotein averages and current smok- 
ing status were observed with higher mortality rates (126, 117, 



107,99 mg/dL and 1 6%, 1 5%, 1 4%, and 9%, respectively, along 
the categories). In addition, we observed variation in body 
mass index and glycated hemoglobin averages across mortal- 
ity and were highest in the trials with CVD trials. Moreover, 
hypertension prevalence was highest in the highest mortality 
trials category (97%) and ranged 69% to 73% across all other 
mortality categories. Similarly, reporting retinopathy varied in 
consistency across mortality groups with higher presence in 
the highest mortality category. Gender type was not associated 
with mortality in our analysis. 



Discussion 

Patients with diabetes mellitus enrolled in RCTs do not repre- 
sent a homogenous population. 31 Different inclusion criteria, 
according to study aim, influence baseline characteristics of 
the enrolled subjects and subsequently the risk profile and 
observed outcomes. As a result, the heterogeneity of this pop- 
ulation is translated into a wide range of death rates. The term 
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Figure 2. All eligible trials according to ascending death rate. R: condition required; P: condition permitted; E: condition excluded; E: excluded 
as directly stated or no mention of baseline Ml, HF, or Stroke for prior history of CVD. Also excluded for serum creatinine > 1.5 or > 1.7 per trial's 
protocol. 



"diabetes risk" in and of itself does not differentiate those with 
the highest death risk in the spectrum. 

Our report highlights the risk of death in subjects with 
diabetes, with an approximately 30-fold difference in annu- 
alized mortality rate across the range of trials we exam- 
ined. Hypertension was not associated with higher mortal- 
ity rate and selection for hypertension specifically did not 
discriminate those at higher risk of death. Furthermore, in 
RCTs of subjects with diabetes, the selection for increased 
urinary protein excretion or/and elevated serum creatinine 
was particularly and closely associated with increased risk of 
death. 

Our study is consistent with prior reports describing the 
risk associated with nephropathy in diabetes. UKPDS 64 data 
described mortality rates similar to our data with a stepwise in- 
crease in death rate on the progression from normoalbunimura 
to albuminuria to decline in kidney function. 32 Although multi- 
ple studies demonstrated that baseline characteristics affect 
mortality in diabetic subjects 33 ' 34 , our descriptive report shows 
that chronic kidney disease (CKD) in diabetes is associated 
with major mortality risk. 

In addition to diabetes and CKD, TREAT also required 
hemoglobin level <11.0 g/dL as an inclusion criterion. This 
additional eligibility requirement would be expected to be as- 
sociated with a greater risk of death. 35 Additionally, other de- 



tectable serum cardiac biomarkers were shown to be associ- 
ated with even higher risk of death 36 and could potentially be 
used for further risk stratification and/or selection of specific 
populations for clinical trials. 37 

The Emerging Risk Factors Collaboration showed that dia- 
betes increases the risk of vascular and nonvascular mortality 
causes. 38 The report also demonstrated that the risk of death 
increased with estimated glomerular filtration rate decline. Our 
study illustrates that any degree of proteinuria in diabetes is 
associated with a higher death rate. Risk stratification by evi- 
dence of kidney disease, determined by renal function or pro- 
teinuria, should be emphasized in diabetic subjects given its 
major impact on morbidity and mortality. 39 

Most clinical trials, by design, augment the studied risk in 
clinical trials and eventually increase endpoint rates. In our 
cohort of all subjects with type 2 diabetes, each trial con- 
tains an attributed risk in its inclusion. Although hypertension 
is an element of the cardiovascular continuum risk profile in 
diabetes, its mortality augmentation was not evident in our 
cohort especially in the absence of proteinuria and did not pro- 
vide further risk discrimination. Recent analysis concluded the 
similar finding. 40 Although the diagnosis of hypertension was 
common across all morality categories, the actual weighted 
systolic blood pressure average was greater in the highest 
mortality trials. 
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Table 2. Summary of Baseline Characteristics of All Eligible Trials Arranged by Ascending Death Rate 





BENEDICT 


ROADMAP 


ADOPT 


DIAD 


JPAD 


DIRECT 


COSMIC 


RECORD 


ACCORD 


CARDS 


FIELD 


Patients 


1204 


4447 


4360 


1123 


2539 


1905 


8732 


4447 


10251 


2838 


9795 


Follow-up (y) 


3.6* 


3.2* 


4.0* 


4.8 


4.4* 


4.7 


1.0 


5.5 


3.5 


3.9* 


5.0* 


Death n(%) 


12(1) 


41 (1) 


96(2) 


33 (3) 


72(3) 


72(4) 


100 (1) 


293 (7) 


460 (4) 


143 (5) 


679 (7) 


Follow-up in patient-years 


4334 


14230 


17440 


5390 


11095 


8954 


8732 


24459 


35879 


11068 


48975 


Death rate* 


0.28 


0.29 


0.55 


0.61 


0.65 


0.80 


1.15 


1.20 


1.28 


1.29 


1.39 


Age 


62.0 


57.7 


56.8 


60.8 


64.5 


56.8 


58.4 


58.4 


62.2 


61.6 


62.2 


Diabetes duration 


7.9 


6.1 




8.6 


7.0* 


8.8 


4.9 


7.1 


10.0* 


7.8 


5.0* 


Female, sex, (%) 


44 


54 


42 


47 


45 


50 


51 


48 


39 


32 


37 


BMI (kg/m 2 ) 


31.2 


31.0 


32.1 


31.1 


24.0 


29.4 




31.5 


32.2 


29.0 


29.8* 


CVD (%) 








9 


0 






31 


35 


0 


22 


Hypertension (%) 


100 




78 




58 


62 




80 


85 


84 


57 


Smoker (%) 


12 


19 


15 


10 


21 


15 




16 


14 


23 


9 


SBP (mm Hg) 


151 


141 


133 


132 


135 


123 




139 


136 


144 


141 


Total cholesterol (mg/dL) 


210 


207 


204* 




201 


205 






183 


209 


193 


LDL (mg/dL) 


162 


125 


120* 


114 








128 


105 


117 


119 


HbA| C (%) 


5.8 


7.6 


7.7 


7.1 


7.0 


8.2 




7.9 


8.3 


7.8 


6.9* 


SCr (mg/dL) 


0.9 


0.9 




1.0 


0.8 


1.0 




0.7 


0.9 


1.2 


0.9 


Retinopathy (%) 








15 


15 


100 




10 


34 


30 


8 


Proteinuria (%) 


0 


0 


16 


24 


18 


0 




19 


30 


17 


22 




ASPEN 


UKPDS33 


ADVANCE 


VADT 


DAVID 


PROACTIVE 


BARI2D 


DIABHYCAR 


IDNT 


RENAAL 


TREAT 


Patients 


2410 


3867 


11140 


1791 


1209 


5238 


2368 


4912 


1715 


1513 


4038 


Follow-up (y) 


4.0* 


10.0* 


5.0* 


5.6* 


2.0 


2.9 


5.3 


4.0* 


2.6 


3.4 


2.4 


Death /?(%) 


138 (6) 


702 (18) 


1031 (9) 


197 (11) 


48(4) 


363 (7) 


316(13) 


658 (13) 


263 (15) 


313(21) 


807 (20) 


Follow-up in patient-years 


9640 


38670 


55700 


10030 


2418 


15033 


12550 


19648 


4459 


5144 


9792 


Death rate f 


1.43 


1.82 


1.85 


1.96 


1.99 


2.41 


2.52 


3.35 


5.90 


6.08 


8.24 


Age 


61.1 


53.3 


66.0 


60.4 


64.2 


61.7 


62.4 


65.0 


59.0 


60.0 


68.0 


Diabetes duration 


8.0 


0.3 


7.9 


11.5 




8.0* 


10.4 


9.8 


14.9* 


15.0* 


15.4* 


Female, sex, (%) 


34 


39 


43 


3 


27 


34 


30 


30 


34 


37 


57 


BMI (kg/m 2 ) 


28.9 


27.5 


28.0 


31.2 


28.4 


30.8 


31.7 


29.2 


30.8 


29.4 


30.2* 


CVD (%) 




2 


32 


40 


100 


100 


100 


24 


29 


47 


65 


Hypertension (%) 


55 






72 


38 


76 


83 


56 


100 


96 




Smoker (%) 


12 


31 


14 


16 


29 


14 


13 


15 




18 


5 


SBP (mm Hg) 


133 


135 


145 


132 


147 


143 


132 


145 


159 


153 


136* 


Total C (mg/dL) 


193 


209 


201 


174 






169 




229 


228 


163* 


1 ni /mn/ril \ 
LUL (Jliy/ULj 


11/1* 
1 1 4 


1 


1 9fi 
I L\J 


1 m 

I U I 




119* 
I I Z 


ao 






1 Q7 
I ol 


fiR* 

00 


HbA 1c (%) 


7.6 


7.1 


7.5 


9.4 




7.9* 


7.7 


7.8 


8.2 


8.4 


6.9* 


SCr (mg/dL) 




0.9* 


1.0 


1.0 




0.9* 


1.0 


1.0 


1.7 


1.9 


1.9* 


Retinopathy (%) 




36 


7 








3 


5 


66 


64 


47 


Proteinuria (%)' 




9 


31 


48 




44 


33 


100 


100 


100 


100 



BMI indicates body mass index is the weight in kilograms divided by the square of the height in meters; CVD, cardiovascular disease composite; HbA1c, hemoglobin A1c; LDL, 
low-density lipoprotein; SBP, systolic blood pressure; SCr, serum creatinine; smoker: donates current smoker status. 
*Value was reported as median, otherwise mean; 
*Per 100 patient-years; ^Proteinuria when available. 

To convert the values for cholesterol to millimoles per liter, multiply by 0.02586. To convert the values for creatinine to milligrams per deciliter, divide by 88.4. 

Values were approximated to the hundredths place for follow-up time, death rate, and to the tenth place for follow-up time, age, diabetes duration, female gender, BMI, A 1c. SCr. CVD, 
hypertension, smoker, SBP, Total C, LDL, retinopathy and micro/macroalbuminuria values were rounded off to the nearest one place. 
Total C: total cholesterol. 
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Table 3. Comparison of Baseline Characteristics in 4 Categories 



Category 


<1 


>1 to <2 


>2 to <4 


>4 to <10 


All 


Mortality rate 1 


0.53 


1.54 


2.83 


7.13 


1.83 


No. of trials 


6 


10 


3 


3 


22 


No. of patients 


15578 


56480 


12518 


7266 


91 842 


Total patient-years 


61 444 


245570 


47231 


19395 


373641 


Death (n) 


326 


3791 


1337 


1383 


6837 


Follow-up (y)* [no. of reporting trials] 


4.3 [6] 


5.4 [10] 


4.0 [3] 


2.7 [3] 


4.0 [22] 


Female % [no. of reporting trials] 


47 [6] 


40 [1 0] 


32 [3] 


47 [3] 


40 [22] 


(95% confidence interval) 


(47-48) 


(39-40) 


(31-32) 


(46-49) 




Age *[no. of reporting trials] 


59.0 [6] 


61.4 [10] 


63.1 [3] 


64.2 [3] 


61 .6 [22] 


(95% confidence interval) 


(58.7-59.3) 


(61.2-61.6) 


(62.9-63.4) 


(63.9-64.6) 




DM t* (y) [no. of reporting trials] 


7.2 [5] 


6.8 [9] 


9.2 [3] 


1 5.2 [3] 


8.9 [20] 


(95% confidence interval) 


(7.0-7.4) 


(6.7-6.9) 


(8.9-9.4) 


(14.9-15.5) 




HbA 1c * [no. of reporting trials] 


7.3 [6] 


7.6 [8] 


7.8 [3] 


7.5 [3] 


7.4 [20] 


(95% confidence interval) 


(7.3-7.4) 


(7.6-7.7) 


(7.8-7.9) 


(7.5-7.6) 




BMI * [no. of reporting trials] 


30.0 [6] 


29.8 [9] 


30.3 [3] 


30.2 [3] 


29.9 [21] 


(95% confidence interval) 


(29.8-30.2) 


(29.7-29.9) 


(30.2-30.5) 


(29.9-30.4) 




HTN %* [no. of reporting trials] 


73 [4] 


72 [7] 


69 [3] 


97 [2] 


73 [1 6] 


(95% confidence interval) 


(72-74) 


(71-72) 


(68-70) 


(96-98) 




CVD % * [no. of reporting trials] 


3 [2] 


28 [8] 


70 [3] 


53 [3] 


31 [16] 


(95% confidence interval) 


(2-3) 


(28-29) 


(70-71) 


(52-54) 




Smokers% *[no. of reporting trials] 


16 [6] 


15 [9] 


14 [3] 


9 [2] 


1 6 [20] 


(95% confidence interval) 


(16-17) 


(15-16) 


(13-15) 


(8-9) 




SBP *(mmHg) no. of reporting trials] 


136 [6] 


140 [9] 


1 42 [3] 


145 [3] 


139 [21] 


(95% confidence interval) 


(135-136) 


(139-140) 


(140-142) 


(144-146) 




SCr * (mg/dL) [no. of reporting trials] 


0.9 [5] 


0.9 [7] 


1.0 [2] 


1.8 [3] 


1.0 [17] 


(95% confidence interval) 


(0.9-0.9) 


(0.9-0.9) 


(0.9-1.0) 


(1 .8-1 .9) 




Total C*(mg/dL) [no. of reporting trials] 


205 [5] 


1 95 [7] 


169 [1] 


192 [2] 


195 [15] 


(95% confidence interval) 


(203-206) 


(193-196) 


(168-171) 


(191-194) 




LDL* (mg/dL) [no. of reporting trials] 


126 [4] 


117 [8] 


1 07 [2] 


99 [2] 


116 [16] 


(95% confidence interval) 


(1 26-1 27) 


tA A f* A A Ci\ 

(1 1 6-1 1 8) 


(1 06-1 08) 


ff\ n a n a \ 

(98-101) 




Proteinuria %*[no. of reporting trials] 


9 [6] 


21 [7] 


52 [3] 


100 [3] 


32 [19] 


(95% confidence interval) 


(8-9) 


(20-22) 


(51-53) 


(100-100) 




Retinopathy % *[no. of reporting trials] 


43 [3] 


18 [6] 


3 [2] 


55 [3] 


23 [14] 


(95% confidence interval) 


(42-45) 


(18-19) 


(2-3) 


(54-56) 





BMI indicates body mass index is the weight in kilograms divided by the square of the height in meters; CVD, sum of any cardiovascular disease incidence; DM t: diabetes mellitus 
duration, time; HbAi c , hemoglobin Ai c , Total C: total cholesterol; LDL, low-density lipoprotein; SBP, systolic blood pressure; SCr, serum creatinine; Smoker, donates current smoker 
status. 

* Utilizing weight of patient sample; [] No. of contributed trials in each category; f Per 100 patient-years; percentage of subjects with micro/macroalbuminuria or proteinuria in trial as 
defined by publication. 

To convert the values for cholesterol to millimoles per liter, multiply by 0.02586. To convert the values for creatinine to milligrams per deciliter, divide by 88.4. 
The body mass index is the weight in kilograms divided by the square of the height in meters. 

Values were approximated to the hundredths place for death rate and to the tenth place for follow-up time, age, diabetes duration, BMI, HbAi c . SCr. CVD, hypertension, smoker, SBP, 
Total C, LDL, retinopathy, and microalbuminuria incidences were rounded off to the tens place. 
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Within our cohort of subjects with T2DM participants in 
RCTs, we did not observe an increase of other "traditional" 
risk factors along with increasing mortality. 41 Moreover, vari- 
ation of certain characteristic risk factors was seen across 
the selected trials; for example, body mass index and gly- 
cated hemoglobin weighted average values showed a dispar- 
ity across the arbitrary categories and likely due to the se- 
lection processes in these trials. Notably, current smoking 
and low-density lipoprotein weighted averages were lower in 
higher mortality categories. Although the lower prevalence 
of smoking is probably related to the inclusion criteria, re- 
ports from cohorts of CKD and heart failure demonstrated 
that lower cholesterol correlates with higher mortality what 
is described as "reverse epidemiology" in other population 
of patients with advanced disease. 42 Moreover, the pres- 
ence of CKD matched higher presence of hypertension and 
retinopathy. This matching increase is probably explained by 
the bidirectional influence between the vasculature and the 
kidney along with the end-organ damage of both systems 
simultaneously. 43 

Our report was limited by the lack of individual patient 
data to allow detailed analyses of baseline characteristics and 
risk of death. Baseline characteristics were obtained from the 
publication as averages; not all baseline characteristics were 
reported in every trial; we also used overall prevalence of 
CVDs in our analysis and not its subtypes. Furthermore, we 
did not account for the medications and therapeutic inter- 
ventions during trials. We examined overall mortality in the 
analyzed trials and did not take into account randomized treat- 
ment arms and treatment effects on mortality, albeit these 
were generally neutral. Although we also did not account for 
potential secular decline in mortality rates over time, 21 of 
our 22 trials in our analysis were published in the past 10 
years. The strength of this report includes the review of nu- 
merous baseline demographics and examination of a large 
cohort. Moreover, the extensive literature search that was per- 
formed makes publication selection bias less likely. Our re- 
port focuses on comparing the exclusion and inclusion criteria 
and demonstrating the contrast in the clinical trials population 
as selective cohort to supplement for epidemiologic studies, 
which have critical estimates of demographics. Furthermore, 
the truncated distribution of the population demographics was 
dictated by the trials selection criteria and probably resulted 
in a less pronounced relationship between demographics and 
outcomes. 

Mortality has a broad range of representation in trials of type 
2 diabetes subjects. Moreover, diabetes trials with nephropa- 
thy selection had the highest death rates. We conclude that 
the selection for CKD, defined by either decline in renal func- 
tion or presence of proteinuria, augmented the death risk in 
diabetes. 
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